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a b s t r a c t
Objectives: To assess sustainability of shortened dental arches (SDA) by determining time to
‘first restorative intervention’ of teeth and time to ‘tooth loss’ and comparing these out-
comes with complete dental arches (CDA) and SDA plus removable dental prostheses (RDP).
Methods: Data (follow-up time ranged from 27.4 (SD 7.1) to 35.0 (SD 5.6) years; max. follow up:
45.8 years) from patient records of 59 subjects (23 SDA, 23 CDA, and 13 SDA plus RDP)
participating in a prospective cohort study on shortened dental arches (SDA) were analysed.
Group effects on survival were analysed using Cox regression models; where appropriate
Kaplan–Meier analyses were done.
Results: Compared to SDA subjects, CDA subjects had a lower risk to receive a first restor-
ative intervention in anterior teeth (HR = 0.377; 95% CI [0.205–0.695]) and premolars
(HR = 0.470; 95% CI [0.226–0.977]). CDA subjects had a lower risk to lose premolars compared
to SDA subjects (HR = 0.130; 95% CI [0.053–0.319]). Risk for ‘first restorative intervention’ and
for ‘tooth loss’ did not significantly differ between SDA with and without RDP.
Conclusions: SDA subjects had an increased risk to lose premolars and to receive a first time
restoration in anterior teeth and premolars compared to CDA subjects. SDA subjects with
RDP had no increased risk to receive a first restorative intervention or for tooth loss
compared to SDA without RDP.
Clinical relevance: Subjects with shortened dental arches can be discerned as enduring at-
risk patients. It is therefore recommended that shortened dental arch subjects receive
intensive and continuous care to prevent further tooth loss.
# 2013 Elsevier Ltd. All rights reserved.
Available online at www.sciencedirect.com
journal homepage: www.intl.elsevierhealth.com/journals/jden1. Introduction
Over the last decades, a trend of an increasing number of
subjects that retain more teeth during life is visible, at least in
Europe.1 However, in many situations the preservation of a
complete natural dentition is biologically not achievable and/* Corresponding author. Tel.: +31 24 36 16466.
E-mail addresses: a.gerritsen@dent.umcn.nl (A.E. Gerritsen), d.wit
(E.M. Bronkhorst), n.creugers@dent.umcn.nl (Nico H.J. Creugers).
0300-5712/$ – see front matter # 2013 Elsevier Ltd. All rights reserve
http://dx.doi.org/10.1016/j.jdent.2013.05.013or not affordable. Consequently, many dentate subjects
present with reduced dentitions that possibly need tooth
replacements. A well-described, specific type of reduced
dentitions is the so-called shortened dental arch. A shortened
dental arch is defined as a reduced dentition with an intact
anterior region but a reduced number of occluding pairs of
posterior teeth starting from posteriorly. Systematic reviewster@dent.umcn.nl (D.J. Witter), e.bronkhorst@dent.umcn.nl
d.
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acceptable functionality and stability,2–4 whilst clinical studies
do not demonstrate distinct advantages of restoring shortened
dental arches with removable dental prostheses (RDP).5–12
Tooth loss is often the final consequence of dental diseases,
therefore it can be stated that subjects with a shortened dental
arch have a history of dental disease. It is reasonable to
assume that a predisposition to dental diseases – such as in
subjects with shortened dental arches – is not affecting
exclusively the most posterior teeth, and will not disappear by
extracting these teeth. Following this assumption, subjects
with shortened dental arches would abidingly be at risk to lose
remaining teeth.13 On the other hand, there is abundant
literature providing evidence that molars are at higher risk for
tooth loss than other tooth types,14–17 so it can be argued
whether in shortened dental arches only teeth with ‘low’ risk
for tooth loss remain.
Tooth loss endangers sustainability of the dentition. It is
often the outcome of a complex history, which is not only
influenced by dental diseases or other detrimental processes
(i.e. tooth wear) and its sequelae, but also by the decisions
taken by dentists when evaluating possible risk factors for
rendering successful therapy.18 Cumulative damage of teeth
by subsequent restorative interventions during many years
might lead to a dubious prognosis and extraction might be
appropriate instead of further (expensive) restorative treat-
ment with a doubtful long-term result.15,18–20 However, if new
tooth defects resulting from dental disease or other detrimen-
tal processes do not develop and tooth loss does not occur, it
can be considered that a patient is at a state of low risk, which
endorses sustainability of the dentition. In a shortened dental
arch, continued tooth loss endangers not only the sustain-
ability of the dentition as such, but due to its yet reduced
number of teeth also its functionality.
Removable dental prostheses (RDPs) are often applied to
compensate for loss of functionality of reduced dentitions.
However, the sustainability of dentitions restored with RDP
might be even at higher risk since wearing an RDP is associated
with caries development, periodontal breakdown and tooth
loss.9,12,21–23
The aim of this study was to analyse the sustainability of
shortened dental arches by considering two clinical end-
points: (1) time to the first restorative intervention of teeth,
and (2) time to tooth loss. Shortened dental arch subjects (SDA
group) were compared with subjects with complete dental
arches (CDA group). Additionally, the subjects with shortened
dental arch were compared with shortened dental arch
subjects wearing removable dental prostheses (SDA plus
RDP group). We hypothesised that in shortened dental arch
subjects hazard probabilities for ‘first restorative intervention’
and ‘tooth loss’ are higher compared to CDA subjects and
lower compared to SDA plus RDP subjects.
2. Materials and methods
2.1. Data collection
Data from patient records of subjects participating in a
prospective observational cohort study on shortened dentalarches (SDA) were analysed. Detailed information on sam-
pling method has been published previously.24 Subjects from
this study were attending the Nijmegen Dental School Clinic
for their dental check-ups and treatments at the time (1981–
1985) they entered the cohort study. This convenient sample
included SDA subjects without free-end RDPs (SDA group;
n = 74) and with free-end RDPs replacing absent molars (SDA
plus RDP group; n = 25), and a control of subjects with
complete dental arches (CDA group; n = 72). All SDA subjects
(with and without RDP) had intact anterior areas and 3–4
posterior occluding pairs (POPs). The majority of the SDA
subjects (94%) had one or more non-functional (i.e. not
occluding) molars.
The criterion for inclusion of subjects of the original cohort
study in the present analysis was the availability of a patient
record at time of the analyses. Data were extracted from
patient records that were administered following the Nijme-
gen Dental School protocol. If applicable, information
recorded prior to the time the subject entered the cohort
study was also used in the analyses. As an example, the
subject with the longest follow-up time was a lady with an
SDA who subscribed as a 28-year-old to the dental school in
1965, entered the cohort study in 1983, and is until to date a
regular attender of the dental school. By including this
information we were able to include follow-up data up to
45.8 years.
Presence and restorative status at baseline was recorded
per tooth. Baseline was set at the date (1) a subject subscribed
at the dental school (either having an SDA status or a CDA), or
(2) tooth extraction resulted in a SDA status. During the follow-
up period data on restorative interventions and tooth loss
were extracted from retrievable patient records until May 2011
or until the most recent date that information was added to
the record. Available X-rays were used to check the accuracy
of the data. At the end of the follow-up period the principal
investigator clinically investigated the majority of the 37
subjects still attending the Dental School; 5 out of these
subjects were not available. The ethical committee of the
Radboud University Medical Centre permitted the conduct of
this study by decision cmo-nr 2010/316.
2.2. Statistical analysis
Two clinical endpoints were defined in the survival analysis
comparing the groups: (1) ‘first restorative intervention’ (in
anterior teeth and premolars that never received dental
restorative treatment before), and (2) ‘tooth loss’ of anterior
teeth and premolars. Molars were not included in the
analyses. Cumulative survivals are presented by Kaplan–
Meier survival curves.
Statistical package R, version 2.13.1, was used for statistical
analysis.25 To test the hypotheses, the SDA group was
assigned to be the reference group. To analyse effects of the
groups on survival, a Cox regression model was applied with
group as independent variable and corrected for age. This was
done for time to ‘first restorative intervention’ and time to
tooth loss reduntant. Data on tooth level cannot be considered
independent because multiple teeth per subject were includ-
ed. Therefore, the Cox model was extended with a gammy
frailty term to model this clustering of data.26 In cases where
Fig. 1 – Time to ‘first restorative intervention’ in anterior
teeth in SDA (92 out of 151 teeth unrestored at end of
follow-up), CDA (198 out of 244 teeth unrestored at end of
follow-up) and SDA plus RDP (41 out of 92 teeth unrestored
at end of follow-up). Coloured areas indicate 95%
confidence intervals.
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Meier analyses were done to compare the three groups with
the extension as described by Ying and Wei to corrected for
clustered data.27,28
3. Results
3.1. Sample
Patient records of 59 subjects of the original cohorts (35%)
appeared to be retrievable. Of these records, 22 (37%) were
closed on a date before May 2011; of 37 records (63%)
information was available up to the end of the study period.
As a result, mean follow-up time of subjects in the three
groups ranged from 27.4 (SD 7.1) up to 35.0 (SD 5.6) years (Table
1).
3.2. Time to ‘first restorative intervention’
Times to ‘first restorative intervention’ in anterior teeth and
premolars were highest in CDA (Figs. 1 and 2); hazard ratios for
having ‘first restorative intervention’ for these teeth in CDA
were statistically significant lower than for teeth in SDA (Table
2). There were no statistically significant differences between
SDA and SDA plus RDP regarding the risks for ‘first restorative
intervention’ of anterior teeth and premolars ( p = 0.496
respectively 0.627).
3.3. Time to ‘tooth loss’
Survival of anterior teeth was not statistically significant
amongst groups (Fig. 3 and Table 2). Survival of premolars was
significantly higher in CDA (HR: 0.13; p < 0.001) whereas no
significant difference was found between SDA and SDA plus
RDP (HR: 1.21; p = 0.587) (Fig. 4 and Table 2).Table 1 – Number of subjects, mean age at baseline (SD),
gender distribution, mean time of follow-up (SD), and
mean number of teeth (SD) of SDA, CDA, and SDA plus
RDP.
SDA CDA SDA plus
RDP
N (% of original cohort) 23 (31.1) 23 (31.9) 13 (52.0)
Mean age at baseline (SD) 37.8 (11.2) 31.7 (8.0) 40.0 (9.7)
Male % 21.7 47.8 38.5
Mean time of follow-up
(years)
27.4 (7.1) 35.0 (5.6) 32.6 (7.3)
Anterior teeth
Mean no. of teeth present 12.0 (0.0) 12.0 (0.0) 12.0 (0.0)
Mean no. of teeth unrestored 7.0 (3.4) 10.6 (0.6) 7.1 (3.5)
Premolars
Mean no. of teeth present 7.7 (0.5) 8.0 (0.0) 6.8 (0.6)
Mean no. of teeth unrestored 1.9 (1.7) 3.7 (2.8) 1.1 (1.8)
Molars
Mean no. of teeth present 2.3 (1.3) 8.0 (0.0) 3.5 (1.1)
Mean no. of teeth unrestored 0.2 (0.4) 1.1 (2.0) 0.5 (1.0)4. Discussion
We conducted this cohort study to investigate long-term
sustainability of shortened dental arches. Initially, a prospec-
tive trial was designed to investigate the functionality and
stability of shortened dental arches.6,10,29 After the 9-year
evaluation it was decided to stop the study. However, the
Nijmegen Dental School Clinic offered the subjects continued
oral care and a substantial number continued attending the
dental school. Recently we formulated new researchFig. 2 – Time to ‘first restorative intervention’ in premolars
in SDA (15 out of 44 teeth unrestored at end of follow up),
CDA (42 out of 84 teeth unrestored at end of follow up) and
SDA plus RDP (4 out of 14 unrestored at end of follow up).
Coloured areas indicate 95% confidence intervals.
Table 2 – Hazard ratios (HRs) to reach endpoints ‘first
restorative intervention’ and ‘tooth loss’ for anterior
teeth and premolars, adjusted for age. SDA is reference
group for CDA and SDA plus RDP.
HR 95% CI of HR p-Value
First restorative intervention
Anterior teeth
CDA 0.377 [0.205–0.695] 0.002
SDA plus RDP 1.244 [0.663–2.333] 0.496
Age 1.019 [0.982–1.048] 0.167
Premolars
CDA 0.470 [0.226–0.977] 0.043
SDA plus RDP 1.151 [0.508–3.081] 0.627
Age 0.963 [0.930–0.996] 0.029
Tooth loss
Anterior teeth
CDA 0.217 [0.032–1.465] 0.117
SDA plus RDP 1.619 [0.289–9.055] 0.583
Age 1.098 [1.025–1.177] 0.008
Premolars
CDA 0.130 [0.053–0.319] <0.001
SDA plus RDP 1.213 [0.605–2.432] 0.587
Age 1.062 [1.030–1.095] <0.001
Fig. 4 – Cumulative survival of premolars in SDA (144 out of
178 premolars present at end of the follow-up), CDA (178
out of 184 premolars present at end of follow-up) and SDA
plus RDP (69 out of 88 premolars present at end of follow-
up). Coloured areas indicate 95% confidence intervals.
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data of the original cohort. As a result the present analyses
were based on the original prospective data extended with
‘new’ retrospective data from patient records. Although part of
the results was based on patient records, we consider this
relative weakness of the study design compensated by the
large number of subsequent recordings during a long follow-
up period, which we consider the strength of this study.
The small sample size and selected group of dental school
patients might limit external validity of this study, e.g. due to
stricter maintenance protocols applied to these patients. The
common problem of loss to follow-up of participants in long-
term follow-up studies was also seen in the present study. TheFig. 3 – Cumulative survival of anterior teeth in SDA (258
out of 276 teeth present at end of follow-up), CDA (272 out
of 276 teeth present at end of follow-up) and SDA plus RDP
(133 out of 156 teeth present at end of follow-up). Coloured
areas indicate 95% confidence intervals.dental histories did not provide hints pointing at bias due to
selective cancellation of subscription of subjects to the dental
school. In addition this study had to cope with loss of records.
Occasionally subjects that cancelled their subscription
requested their dental records, which led to loss of informa-
tion. Also clearance of archived records – which happened in a
number of cases – seems to have been rather arbitrary and not
patient dependent and is therefore considered random. In
summary, we consider the quality of the data satisfactory for
conclusive outcomes.
This study showed that in a period of 27 years and over,
subjects with shortened dental arches have an increased risk
for premolar tooth loss compared to subjects with complete
dental arches. It can be argued whether this premolar loss is
an eventual result of accumulating damage to teeth inflicted
by a sequel of re-restoration. It may also be the result of the
continued predisposition for dental diseases that is supposed
to have led to the shortened dental arch status. The relative
high risk for first time restorative interventions in unrestored
teeth in subjects with shortened dental arches points in the
direction of the latter as there seems to be a continuing
deteriorating process resulting in fewer sound and non-
restored anterior teeth and premolars. Apparently, in subjects
with shortened dental arches risks that initially affected the
molar region subsist. It appeared that the reasons for
intervention were insufficiently specified, especially in the
early notes in the records. Therefore, it was not possible to
assess the exact reason for first time restorative intervention.
The role of periodontal disease could not be assessed
sufficiently reliable for conclusive analysis. Nevertheless, the
9-year follow-up showed that there were some significant but
small differences in periodontal support (as assessed from
standardised X-rays and expressed by relative bone height)
between the groups, but that these differences were constant
over time.10 This finding did not point at differences amongst
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development of) periodontal disease. Other reports on
periodontal conditions of shortened dental arches revealed
significant difference between shortened dental arches with
and without RDP after a 5-year period.11,30 However, the
randomised controlled trail described in these reports did
not include complete dentitions and therefore could not
determine relative risk for shortened dental arches
compared to complete dental arches. In summary, despite
the lack of precise information regarding caries or peri-
odontal disease progress, a continued predisposition for
dental diseases in shortened dental arches seems to be
manifest.
Following this reasoning, subjects with shortened dental
arches can be discerned as enduring at-risk patients. It is
therefore recommended that shortened dental arch subjects
should receive continuous and intensive care to prevent the
loss of teeth with strategic importance. However, in spite of
the increased risk for premolar tooth loss, the majority of the
SDA subjects (20 out of the 23) maintained their SDA status
after a follow-up of 27 years and over, because many of the lost
teeth were replaced by FDPs.31
The hypothesis that shortened dental arch subjects have
increased risk for having ‘first restorative intervention’ and for
‘tooth loss’ compared to CDA is accepted except for loss of
anterior teeth. To our knowledge this is the first study
comparing shortened dental arches with complete dental
arches with respect to their sustainability. Our finding that
SDA subjects had increased risk for loss of premolars
(compared to CDA) is not in line with two population based
follow-up studies revealing that tooth loss was not associated
with number of teeth present at baseline.15,32
In addition it should be noted that the difference in average
age the SDA and the CDA groups (37.8 versus 31.7) might cause
bias. Although the outcomes have been corrected for age,
there still might be an effect from differences in the approach
of dental disease management and used restorative materials
during the adolescent years of the subjects: youngster were
differently treated in, for instance, the mid 1950s than in the
mid 1960s. As a result it is expected that subjects in the CDA
group may have had initially a lower risk history for dental
disease because of the different era in which they grew up.
The hypothesis that SDA plus RDP subjects have higher risk
for having ‘first restorative intervention’ and tooth loss than
SDA subjects without RDP is weakly supported by the data. In
all comparisons between SDA plus RDP and SDA the hazard
ratio is larger than 1, however, the effect is always far from
statistical significance. Considering the wide confidence
intervals for these hazard ratios, the comparison between
the two SDA groups is hampered by a relatively low power.
It is tempting to compare the first restorative intervention
outcomes of this study with caries development in other
clinical studies investigating caries incidence in SDA subjects
wearing RDP.11,12,23 However, it should be noted that first
restorative intervention must be considered as an overesti-
mation of caries incidence in the present study, because also
other reasons were mentioned (if mentioned) in the records
such as the treatment of tooth fracture or tooth wear.
Considering an overestimation for caries incidence, compari-
son with the study of Jepson et al. (2001) shows a much highercaries incidence in RDP wearers in the latter.12 A study of
Budzt-Jørgensen (1990), which had a comparable study
population to the Jepson study,12 shows a similar picture.23
A possible reason for this difference might be the older mean
age of the subjects at baseline in the studies of Jepson and
Budzt-Jørgensen compared to the present study (approx. 25
years difference) which might be accompanied with limited
self-care. Moreover, the relative strict maintenance protocols
applied to all participants of the present study might be a
reason for better caries management and therefore a lower
caries prevalence compared to the Jepson and the Budzt-
Jørgensen studies.12,23
Regarding tooth loss, the findings are in line with the 5-year
report of another randomised clinical trial that reported a non-
significant difference between shortened dental arches re-
stored with and without RDP.13
5. Conclusions
Within the limitations of the study, it is concluded that
subjects with a shortened dental arch had an increased risk
to lose premolar teeth. For subjects with a shortened dental
arch the risk to receive a first time restoration was increased
for both premolars and anterior teeth. This study did not
provide evidence that teeth in SDA with RDP have increased
risk to receive a first time restoration. SDA with RDP showed
no increased risk for tooth loss compared to SDA without
RDP.
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